The approaches to and therefore the definitions of systems biology have been varied. These range from collections of physiological data with quantified molecular parts lists (e.g., genes, expression levels, localizations) to abstract mathematical modeling of biological processes. The scale at which the discipline of systems biology focuses on a specific question or problem is also a matter of contention: a tiny protein can be a complicated biological system (e.g., we still do not fully understand how a protein folds) and, as is obvious, an entire ecosystem with thousands of species constitutes another type of complex biological system. The term "systems biology" will probably get further diffuse as it is now under the limelight and new funding opportunities will be available to very diverse scientific communities.
Within this framework, the cell is an attractive biological system where the time has come not only to produce standardized quantitative data but also to integrate them to model, predict, and design spatial and temporal features of cellular processes. Feedback Loops: From Generating Data, Their Integration and Interpretation, to More Data One of the key components required for the quantitative understanding of biological systems and for a new era of holistic modeling is the availability of sufficient data. The various 'omics communities generate increasingly reliable and partially complementary collections of cellular parts lists covered in a plethora of data ranging from genes, expression patterns, protein-protein interactions, to cellular localizations. However, even with all these data there is still only limited access to spatial and temporal aspects of cellular processes and systems (concentrations, reaction rates, scaffolding requirements, etc.). We will need to develop experiments and concepts to overcome these limits. The parts lists not only need to be organized in two dimensions (e.g., protein interaction networks), but there is a need to generate a structural framework for such networks (see, e.g.,
Aloy et al., 2004 for first attempts in this direction).
Since such a framework is context and time dependent, more data have to be generated to achieve a resolution that is sufficient for modeling and simulation.
As bioinformatics is moving from maintaining and crossreferencing data collections toward their proper integration, we are seeing now a fusion of data and tools with the emerging modeling and simulation platforms (ranging from simple Boolean logic to spatial stochastic simulations). This comes with the hope that a low-resolution knowledge (that is yet to be generated) of spatial and temporal data would be sufficient to understand, modify, or design a biological system as complicated as a living cell. If precise data are required for every single interaction or reaction that takes place in a cell, then it is not likely that systems biology will achieve its objectives in the near future. As the level of detail required is not known yet, iterations with experiments have to be planned and patience is required as the process of preparing sufficient data might take a while.
Generation of a Spatial Framework Integrated with Temporal Data
Even the simplest cell is quite heterogeneous and the importance of spatial localization in biological processes is indicated by many experiments. Compartmentalization and diffusion are used by living systems during diverse processes, from signal transduction to cell division. Thus space and dynamics are essential to clearly understanding biological processes. Our Cellular Systems Biology initiative at the Structural and Computational Biology unit is embedded in various complementary activities within European Molecular Biology Laboratories (EMBL). The initiative aims to generate a structural framework of the cell and to use this unique data to incorporate temporal aspects using a strong computational biology component and modeling techniques. While time is an integral part of most cellular models, incorporation of spatial information has only recently become feasible and, hence, the latter will be a crucial part of our efforts.
Starting with individual molecules or (partial) complexes determined by classical X-ray or NMR techniques and bridging them to subcellular structures obtained by lower-resolution techniques (e.g., single-particle EM) using computational biology tools, a large number of complexes and even some subcellular structures can now already be determined or modeled in an organism such as yeast (Figure 1) . A large, EU-wide initiative is under way to collect three-dimensional structures of protein complexes and to further extend our first "bottom-up" attempts to model complexes around interaction networks (e.g., Aloy et al., 2004) . In parallel, we have initiated "top-down" approaches to reconstruct high-resolution three-dimensional images of entire cells ( Figure  2 ) using cryo-electron tomography (e.g., Kurner et al., 2005) . These approaches are likely to soon cross a resolution barrier at which point the parts lists of complexes and subcellular structures can be readily identified in tomograms of a cell providing a new coordinate system onto which complexes and structures of decreasing size can be mapped. This spatial framework might serve as a bridge from individual molecules to a three-dimensional image of an entire cell (Figures 1 and  2) . Despite its static nature, the framework will allow, for example, a more fine-tuned view of protein complex and interaction networks. In parallel to this initial phase, which will include a considerable amount of structural work for refinement, dynamic aspects are being considered at various scales. These range from comparing different states of a cell to individual molecular movements measured by NMR. In parallel to the measurements, data and tools are being customized to take on the spatial and temporal challenges at a cellular level (Figure 1) . By integrating time series of gene expression to our quality-controlled networks of protein complexes and their interactions, the dynamics of complex formation can be revealed (e.g. The goal is to bring all these activities together to explore spatial and temporal properties at the cellular level to the extent that we can predict and modify cellphenotypic features. Systems Biology, an Interdisciplinary Approach There will be many elegant approaches toward systemic understanding, but it is likely that concerted efforts will have a higher chance to achieve an impact on science, and hence a number of diverse groups from our unit already contribute to the initiative. Together with the various interdisciplinary activities within EMBL and with collaborators world-wide, the analysis, prediction, and design of spatial and temporal features of entire cells based on molecular data will become feasible and have the potential of moving our understanding of living systems into four dimensions.
